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OBJECT

To develop an instrument; to determine the izuition temper-
atura and time to igniticn of one milligram or less of primary
explosive.

ABSTRACT

This is the second progress report on the "Dsvelopment of
Optimum Explosive Trains® and is concerned with the development
and utilization of an electronic device to determine oxplosion
temperatures and ignition times of one milligram samplms of
primary explosives. With this instrumeut the time to ignition
can be determined to'$ +001 seconds and the explosion tempers-
ture to $ 2°F. The activation energies calculated from data
obtained with this instrument in the .5 to 10 second interval
are shown below:

B

Activation Enorgy, E, - B

Compound - L cal/mole t = Bs RT
Mercury Fulminate - 29.81 -~ 13.85
Lead Azide 237 - 8.43
Basio Lead Styphnate 75.39 - 28.20
KDNBF 82. 58 - 3’4‘012
Hexammine Chromic Perchlorate 29.82 - 9.88

1
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INTRODUCT ION :

1, Thes work on Projest TA3~5101 entitled "Development of Optimum
Explosive Trains" has bsen concerned with the synthesis of new primery
explosives (Ref B). These compounds previously have been assessed for
their explosive properties by testa standard at the Arsenal (Ref C).
One of these, the explosion temperature test (Ref C) is the subject
of this report and oonsists of varying the temperature of a molten
metal buth between determinations in .uch a way as to have teu i'lashes
or explosions over an inducticn time interval of 2 to 10 seconds. A
time vs temperature curve is piotted and the five~geocond explosion
temperature is interpoleted from the graph. The data is obtained by
immersing a No,8 blasting cap comteining 0,01 of r lmary explosive or
0.02 gm high explosive into a moltex metal bath of knowmm tempsrature.
The time to ignitiom 1s determined with & stop watch. A total of from
0.5 gm t6 5.0 gms of sample is necessary to complete one explesion
temperature test. §ince the acouracy of the stop watch method can
vary from .2 to O.lj seconds it was believed advisable to adopt a more
precige tiwing method. It alsc seemed advisable to replace the moltem
metal bath by an electrical heating unit which would bring the explo-
sive to the desired temperature in a ghorter tims. In addition, it
seemed advantageous to construct an instrument that would determine a
complets explosion temperature curve and would require wly 0.l gm
sample of explosive.

2. Studies have shown (Refs D, E, and G) that the activation
energles of explosive compourd: may be caleulated from the sbove
mentioned explosion temperature surves. Since the activation energy
of a compound is known to be re'sted to the case of slestrical initia~
tion of the compound (Ref T} and to its stebility (Ref D), it seemed
advisable to calculate this value for standard primsry compounds
as well as new compounds synthesized in this program (Ref B).

DTSCUSSION OF RESULTS:

3. The instrument desirmed for precise ignition temperature
and time for ignition measurements consista of & small electrically
heated plate with & centrally located iron-constantin thermoccouple
for determining ita temperature, (Plate 1) and a photoslectric optical
system for determining time to ignition., Current accurate to 0,10
amperes is used to heat tha plats and the temperature of the plate
is determined by the E M I output of the thermoocouple with a Leeds and
Northrup Potentiometer (udel 3062), Thus, when the explosive is
dropped on the plate the temperature ror ignition is definitely kmown.
To determing the time for ignition at a fixed tempersture a beam of
light (1/16" to 1/8" diameter) is fooussed aocross the picte to a
Photomultiplier (Model 1P 21) (Plates 1 and 2). When cue nilligram

o]
[
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of the compound is dropped on the plate the light beam ig interrupted
sausing the phototube to produce & positive electrical Pulse which
is amplified and in turn starts the Electronic Counter Chronograph.
When the suhstance detonates, the light from the Flash agsin causes
the phototubs to conduot, generating a negative pulse. This

negative puise iz fed through the amplifier and inverted to & positive

‘Palss to trigger the stop cirouit of the Potter Chrounograph., Times

over one second are recorded by the Veeder Root Counter connected to
the last decnde of the Chronograph,

Le Explosio temperature curves were obtained on thres primary
explosives anc two new experimental compounds with this new ingtriment,
(Pig 1)» The fiva-gecond ignition temperatures for these compounds
&nd data determined with the molten bath method (Ref C) are shown belows:

Nolter Matal
Bath Method, New Method,
Lompouad 0:910 gn grems

Mercury Fulminate 2100¢ 209 (0001gm)
Bazic Lead Styrhmate 295 . 293 (0025 )
Lead Azide (dextrinated) 340 *  (s002 )
Potassium Dinitrobenzgfuroxan 250 a5 (001 )
Hexsamine Chromic Perchlorate 350 6 (002 )
*

1007 iguition did not occur with 2 mg sampls at 5 seconds

5¢ The main Testure of this instrumen
date which can be obtained. At least ten i
made at each tamperaturs and th
determined, The datea for Merc
are shown below;

t is the precisim of the

gmtion determinations were
e standard deviatiom for oaCh poing

ury Fulminate and Dextrinated Leed A.ide
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Mercury Fulminate, .00l mm

Temperature Induction Standard

Nunsber Time, Deviation/
Tested %g Seconds Seconds

10 203 To115 0.290

12 210 L1506 0,017

10 215 30333 0,146

10 220 2,408 0,206

10 226 l.702 0o267

10 233 1,098 0,080

Dextrinated Lead Azide, 0R gm

10 329.1, «537 0,059
15 335,0 .807 0,060
10 36,0 1.05 0,040
12 3600 1.528 0,218

The ubo';re standard deviations are typical of the precision of the
data in this report. Also, the standard deviation is equal to or
better than the most recemt walues for this type of determinatioan
(Ref E).

6s Arrshenius was ammg the first to show the large effeoct
of temperature on the rates of chemical reactions (Ref D). Several’
wory srs (Ref D, G, E, and I) studied the effect of temperature on
the times to ignition or induction periocds of the pre~ignition
resctions of several explosives. Semenoff (Ref I) expressed the
relationship between the induction period and ignition temperature
&3 #21lowss :

where inductior period in seconds
sotivation energy K cal/mole
gas constant

& constant

temperature, °K

Hot b g

is 13 N 1 0

putting the equation in the forms

log;-i: = log B % [% longI 1
T

).
i
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it is seen that a straight line is obtained when log,m t- is plotted

against é-mth slope sgual to -i— logyq @- The activation energy is =

\ thersfore given by the product of the slope and logy, ®. The ‘_ *
slopes for tha various explosives studied in this report were deter=-
‘mined by the method of least squares and the activation energies
oaloulated therefrom. i
i
7. The activatian energies of Mercury Fulminate, Dextrinated |

i
\ Lead Azide and Basioc Lead Styphnate were calculated from dats deter=
mined to plot their explosion tomperature curves (Figs 1 and 2), The

| values obtained by the new method and reported values of cther
\\ workers are shoma belows

k Dstamined Valuos

Weight Activation

Sample Energy
Compounds gn K oal/molse B
Meroury Fulminate +001 29,81 = 13,85
Basic Lead Styphnate 002 75639 - 28420
Lead Azide 0002 23.7h - 8.3
Values of Previous Workers
Yercury Pulminate (Ref D) «001 32,0 - 1438
Lead Az;do (Ref D) 0005 230’4 - B.2
\ ' The Activatior Energles of Hexemine Chromic Perchlerate and
\ Potassiwi Dinitrobenzefuroxan were siso obtained (Figs 1 and 2),
\ The results are shown belows
| Weight artivation
\ Sample Enersy
‘ Compounda gm K cal/mole B i
\ Potassium Dinitrcobenzgfuroxan . 001 82,58 . - 362 E
l : Hexameine Chromic Perchlorate 002 29,82 - 9,88 |
| | |
| 8.

It 18 t0 be noted that for all compounds straizht lins
\ graphr ave obbained when the logarithms of the induction periods
| - are Plotted against the r~eoiprocals of the absolute ipgnition temper-
| atures ia the range of .5 to 10,0 seconds.

This 18 in accordance
with ¢he Semenoff Equation (Ref 1)

5
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Inasmich as the above graphs all involve induction periods
greater than 0.5 second it sesmed of interest to determine whether
an extrapolation of the straight lines to shorter time intervals
such as has been done by A. R. Ubbslohde (Ref D) is permissible.

If so, the validity of the Ssmemoff Fauation would be further
strengthenad and predictious about high ignitiam temperatures and
short induction periods would be justified. A study of KDNBF in

the range of 7.57 tc 0.0107 seoonds corresponding te 2L5°C and
3519C, respectivsly, revesled however a parabolic shape of the

plot (Fig 3). The relation 'which has been oonsidered before as s
linear proporticnality above ths 0.5 second voint now appesars to be
an approximately .ineer segment of a parabola. Although this faot
does not seriocusly affeot the value of the sctivation emergy
(previously obtained for potassium dinitychenszofuroxsn from the slope
of the linear plot), it mist nevertheless be said that the activation
euergy 80 ocalculated, refers to simple pre-ignition remctions
oocourring at temperatures characteristic of times greater than 0,5
second. At higher temperatures or shorter induction periods, it
seems that we are no laager dealing with a simple pre-ignition reace-
tion whose activetion energy is uniquely determined by the Semencff
Equatiom. Rather, we may have a ocomplex series of resctioms and
interactions betwsen dgcomposition product molecules, as well, whose
overall astivation ensrgy ocan nct be obtained by such & simple
relation. In such cases an extrapolation of a linear plot to the
short induetion period range is not valid and me must have a knowl-
edge of the shape of the entire «.rve before predistions about high
ignition temperatures snd low induction periods can be mads, at least
in ths oase af KUNDF.

9. It is intended to carry out an intensive further inwestiga-
tion into the low induction period region for KDNBF and the other
compounds, as well, to determine whether the parabolic shape of the
ourve iz a general phenomenon. Apparstus similar to that employed
in ths work above but modifisd so as to atbsin induotiom intervals
i1 the one~tenth millisecond regien, ha.  in fact, besn construcked,
It is anticipated that ths new resulte <31l soon be fortheoming.

EXPERIMENTAL PROCEDURE

'10s The operation of the sxplosion igwition time consists of
oleotronic systems which contsel the tompsrature of the ignition
Plate and the timing mechanism.

as The temperaturs of {he ignitiom plate is set by
varying the current through & No. 15 evanochm wire. A fine and coarse
sdjustment of the latter regulates the ourrent to 0..0 ampere over
s range of 0 - 10 amperes. After the system has come to equilibrium,

)
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‘ the temperaturs of the plate is determined by reading the EMF
sutput of the B & 3 No 30 irom-constantin thermocovuple on the
\ Leeds and Northrup Potentiometer (Model 8662).

bs The timing mechanism involves utilization of the F
photoeleotric effect. As shown in Plate 1 & beam of light is
paased over the heating plate and on to the phototube. Upon :
drepping of the explosive sample on the heating plate, the Team i
is interrupted and an electranio counter chronograph and second
counter triggered. The latter sountg until the instant of explo-

sion when a flash again actuates the phototube and now astops the
oounters. A dirsct reading of the induoctian period iz thus
\ obtained.

It is essential that the besm of light be of smll
diameter and centered over and as close to the plate as possible.
| A varisble lens opening in (C) controls the beam width and a

\ platform on which the light source (B) is mounted provides for

horizantal and verticel displacements of the light beam. The

phototube sensitivity to changes in light intensity should be
‘ at an optimm.

cantrol.

Plate 2, B, 1llustrates the appropriate instrument

\ 11, Omoe it is esteblished that the timing system is working
} efficiemtly and the temperature of the plate iz constant, the time
| for ignition at that tamperature .my be determined. One milligram
| of sample is weighed on & Roller-Smith Milligrsm lLalsnce and

] dropped through the funnel on to the plate. The seconds are read
o the Veedar Root Counter and the mjilliseconds on the Electronioc
Counter Chromnograph (Model L5CA}e The funnel is then removed and
the plate cleanaed with an electriczslly driven steel wool brush.
The temperature is allowed to come to equilibrium again and the
determination repeated. Usually a five minutes waiting period

is required for the plats to come to equilibrium with the surround=
ings. .If the material blackens the glass slides (Plate 1) clean

ones must be inserted so that the path of light beam will not bhe
obscructed.

12, After 10 ‘o 20 ignition times have been determined at case i
temperature, the tewperature is raised by increasging the currsni |

and ten or more ignition times are determined. !
\ times is taken as the time. |

necessary te plot a curve.

The averags of the
Usually four to six points are
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